During its conductive phase, a pseudospark discharge is able to generate a low energy electron beam with a higher combined current density and brightness compared with electron beams formed from any other known type of electron source. In this paper, a configuration is proposed to post-accelerate an electron beam extracted from a single-gap pseudospark discharge cavity in order to achieve high quality high energy intense electron beams. The major advancement is that the triggering of the pseudospark discharge, the pseudospark discharge itself and the post-accelerating of the electron beam are all driven by a single high voltage pulse. An electron beam with beam current of ~20 A, beam voltage of 40 kV and duration of ~180 ns has been generated using this structure. The beam energy can be adjusted through adjusting the amplitude of the voltage pulse and the operating voltage of the whole structure which can be varied from 24 to 50 kV with an efficient triggering method under fixed gas pressure below ~10 Pa.
I. INTRODUCTION
Pseudospark-sourced electron beam has been recognized as an electron beam source with higher combined brightness (up to 10 ) than other electron beam source [1] [2] [3] [4] . The self-focusing feature of the pseudospark-sourced electron beam also offers the additional benefit of not requiring any external guiding magnetic field, which can greatly simplify the system. A pseudospark-sourced electron beam has been applied in many fields such as material process, free electron laser, xray source and microwave devices [5] [6] [7] [8] . Recently, the operating frequency of microwave devices is extending to the THz region in which the size of the beam-wave interaction region is down to the submillimeter range and much higher driving electron beam current density is required. This makes the pseudospark-sourced electron beam a promising candidate for driving THz radiation sources 4, 9, 10 .
The pseudospark discharge of single-gap or multi-gap structure can be considered roughly to evolve in three main stages: 1) Townsend discharge; 2) hollow cathode discharge and 3) the final conductive discharge. In the Townsend discharge stage, a plasma or virtual anode starts to form in the discharge gap and the discharge current is relatively small. Only during the hollow cathode discharge stage, an intense electron beam with high beam energy can be extracted from the discharge gap. In the conductive stage, the electron beam current is much higher than in stage 2 but the beam energy is limited because the voltage across the discharge gap has already collapsed. Due to the transient nature of the pseudospark discharge, the duration of the high energy electron beam is limited to a narrow range of about 10 ~ 30 ns according to most experimental results on various pseudospark discharge structures 2, [11] [12] [13] [14] . The discharge voltage of the pseudospark discharge is sensitive to gas pressure and varies greatly in a narrow gas pressure range while the discharge voltage also varies due to the statistical property of the discharge process even under a fixed gas pressure [15] [16] [17] , which may cause some stability problems of the devices driven by pseudosparksourced electron beams.
The duration of the conductive stage is much longer but the low energy electron beam cannot be used to drive any energy-sensitive devices. It would be a great advantage for devices driven by pseudospark-sourced electron beams if the low energy electron beam in the conductive stage can be further accelerated, that is the so called post-acceleration, after its extraction from the discharge gap to a high energy with a much longer duration. In this paper, a simple configuration including only one high voltage pulse generator and a single-gap pseudospark discharge cavity with a post-acceleration gap has been constructed to achieve the triggering, driving of the pseudospark discharge and the post accelerating of the electron beam. A stable trigger method is designed to ensure the operating pulsed voltage is much lower than the self-breakdown voltage of the pseudospark discharge gap and is insensitive to the gas pressure too, thus the proper structure and operation conditions of the pseudospark a) Author to whom correspondence should be addressed:
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II. CONFIGURATION OF THE POST-ACCELERATION OF THE PSEUDOSPARK-
The system includes a high voltage pulse generator and a single gap pseudospark discharge cavity with postacceleration gap, two high voltage probes, V prob1 and V prob2 , and a Faraday cup used to measure the voltage pulses and the electron beam current respectively, as presented in figure 1 .
There is a small through hole of diameter of 2 mm at the end of the hollow cathode cavity while the rodlike head of the trigger electrode of diameter of 1.6 mm inserts into this hole and forms a very small discharge gap of 0.2 mm, which serves as a trigger gap of the pseudospark discharge. This trigger gap will breakdown first and all of the discharge current will flow through the discharge channel and then provides seed electrons to start the pseudospark discharge.
The diameter and depth of the hollow cathode cavity are 26 mm and 12 mm respectively. The apertures of the cathode, the anode and the grounded flange are all of diameters of 3 mm and all edges of the apertures are rounded off with radius of 1 mm to avoid much higher electrical field near the sharp edges and prevent undesired discharge process. The pseudospark discharge gap separation of 16 mm 18 is used to get relatively high beam current and the post-acceleration gap separation is 6 mm. A groove-like fold structure on the inner surface of the cathode-anode spacer to prolong the creepage distance and prevent surface flashover across the pseudospark discharge gap.
This two-gap configuration is different from multi-gap pseudospark discharge configuration. In the multi-gap pseudospark discharge configuration, each gap breaks down successively from the cathode to the anode during the discharge and a high energy electron beam is generated during the breakdown process, while in this two-gap pseudospark discharge and post-acceleration configuration, the discharge gap serves as a low energy electron beam source after its breakdown and the second gap serves to 
III. EXPERIMENTS
When the high voltage pulse from the PFN generator is applied between the trigger electrode and the grounded flange, the voltage will redistribute on the stray capacitance c x ≈ 2.5 pF of the trigger discharge gap, the stray capacitance c m ≈ 14.2 pF of the pseudospark discharge gap and the resister R B . Because c x is much smaller than c m , most of the voltage will drop on the trigger gap before the breakdown of the pseudospark discharge gap. Although within the operating pressure range of the pseudospark discharge the pd of the trigger gap is much lower than pd of the pseudospark discharge gap and the hold-off voltage of the trigger gap should be much higher than that of the pseudospark discharge gap, but the electrical field strength is extremely high due to the very small gap separation and the field emission of the electrons dominates the discharge process in the trigger gap. So the breakdown voltage of the trigger gap is actually much lower than that of the pseudospark discharge gap and the first breakdown definitely takes place in the trigger gap when a sufficient high voltage is applied over the whole structure. Because the trigger gap is serially connected in the structure, all of the discharge current will pass through the discharge channel during the discharge and produces sufficient seed electrons to start the pseudospark discharge.
After the trigger gap breaks down, in the first 2 stages of the pseudospark discharge, the discharge current is very limited and the voltage on resistor R B is much smaller than the voltage of the driving pulse, so most of the voltage drops on the pseudospark discharge gap. In the conductive stage of the pseudospark discharge, because the voltage across the pseudospark gap has collapsed and the voltage across the gap keeps at a low level and then the total voltage is nearly applied on the resistor R B and the accelerated gap before its breakdown.
The resistor R B is a key component in the device to ensure the pseudospark gap discharging prior to any discharge in the acceleration gap and the voltage drops mainly on the trigger gap and the pseudospark gap in the first two stages of the pseudospark discharge. Meanwhile it limits the voltage on the acceleration gap to a low level during this period to limit the discharge and initial plasma in the acceleration gap before the conductive stage of the pseudospark discharge. The resistance of R B needs to be much higher than the characteristic impedance Z 0 to maintain the PFN generator output with voltage of 2U 0 during the post-acceleration of the electron beam. Because this resistor also controls the whole discharge current and so greatly influences the beam current, it should not be too high and limit the discharge current and the electron beam current.
According to figure 3, during the front edge of the voltage pulse on the structure, most of the voltage are applied over the trigger gap and the pseudospark gap, while the voltage over the resister R B is only ~ 6 kV with duration of ~ 50 ns, which corresponds to the charging process of the stray capacitance c x and c m . After the 50 ns, the electron beam current and the post-acceleration voltage start to rise simultaneously. The electron beam pulse width is about 180 ns and the voltage at both the cathode and the anode keeps high during this period. The voltage at the anode is 2~3 kV lower than the voltage at the cathode, which corresponds to the voltage drop on the pseudospark discharge gap.
The biggest challenge is to ensure the discharge of the pseudospark gap and to avoid the breakdown of the acceleration gap at the same time under the similar conditions. The post-acceleration voltage rises as the electron beam injects into the post-acceleration gap simultaneously. Because the electron beam current is much higher than that in the initial stage of the pseudospark discharge gap, so the acceleration gap is much easier to breakdown than the pseudospark discharge gap under similar conditions. As presented in figure 3c , when the post-acceleration voltage rises to a certain level, the postacceleration gap breakdowns immediately. The breakdown process is sensitive to the gas pressure and also influenced by the structure. Breakdown between the electrodes of the post-acceleration gap or flashover of the inner surface of the insulating spacer occur immediately after the electron beam injection into the post-acceleration gap when the gas pressure is over 15 Pa in this configuration.
Because the pd of the post-acceleration gap is on the left hand branch of the Paschen curve, in order to improve the hold-off voltage of the gap, the gap separation needs to be as small as possible. But the reduced gap separation enhances the electrical field strength furthermore and limits the creepage distance of the inner surface of the insulating spacer, which increases the possibility of the surface flashover. In addition, much higher electrical field strength will cause undesired electron emission and discharge process. So in this post-acceleration configuration, a gap separation of 6 mm is chosen as the compromise requirements on the pd of the acceleration gap and creepage distance of the spacer under the gas pressure in the regime of the pseudospark discharge. Separations of 0.5 mm between the electrodes and the spacer formed by 0.5 mm steps on both sides of the spacer at the triple junction of the electrode-spacer-gas was chosen to reduce the electrical field strength at the point.
Because the proper gas pressure for the acceleration gap is only under 10 Pa, this restricted range of the gas pressure may significantly limit the operating voltage range of the pseudospark structure. The discharge in the trigger gap can provide enough electrons to start the pseudospark discharge process. Although the selfbreakdown voltage of the pseudospark structure without triggering is much higher than the operating voltage of the structure, pseudospark discharge process can be obtained for voltage pulse with amplitude of about 24 to 50 kV under the same gas pressure below 10 Pa due to the efficient triggering of the trigger gap.
The electron beam currents increase from several to more than 30 amperes with increasing pulse voltage in the operating range. Meanwhile, with increasing pulse voltage up to ~40 kV the beam durations increase from tens of nanoseconds to less than 200 nanoseconds and then significantly reduce when pulse voltage approaches 50 kV. When the applied pulse voltage goes down below 24 kV, the trigger gap can still breakdown due to the high electrical field but the discharge in pseudospark gap may be absent frequently due to the relative low voltage. With the absence of the pseudospark discharge, multi-pulses with decreasing amplitude, which is generated by multiple reflections of the voltage pulse between pseudospark gap and pulse generator, then applied on the pseudospark gap and the pseudospark discharge may occur at the second or even the third or fourth pulse as shown in figure 3b . When the applied voltage goes up above 50 kV, the acceleration gap may breakdown quickly after the electron beam with higher current and voltage injected into the gap, similar to the situation in figure 3c.
To estimate the electron beam density, a copper foil with thickness of 50 μm is placed 6 mm downstream after the grounded flange to capture the beam spot produced by bombarding of the electron beam ~ 300 times, as presented in figure 4 . The diameter of the beam spot is ~1.5 mm, so the electron beam density can be estimated to be ~1.1 kA/cm 2 according to the electron beam current and its spot diameter.
IV. CONCLUSION
In this paper, a simple pseudospark-sourced electron beam source including a PFN Blumlein high voltage pulse generator and a single gap pseudospark discharge cavity with post-acceleration structure has been built. The triggering, driving of the pseudospark discharge and the post accelerating of the electron beam can be achieved by only one PFN high voltage pulse. The pseudospark discharge in this structure can be performed under a range of pulsed voltage at the same gas pressure independent of the pd of the structure. With the efficient triggering method, an electron beam of ~20 A current and ~180 ns duration has been obtained when a 40 kV voltage pulse is applied.
